The distribution of calbindin, calretinin and parvalbumin during the development of the mouse main olfactory bulb (MOB) was studied using immunohistochemistry techniques. The results are as follows:
The mammalian olfactory bulb is considered to be one of the most favorable regions for analyzing the development of chemically identified neurons because of its highly laminated structure and because it is extremely rich in neuroactive substances in amounts and in a variety that rival any other region of the brain [1] .
Intracellular calcium, which is important in a variety of second-messenger cascades, is regulated in part by calcium-binding proteins such as calbindin, parvalbumin and calretinin. These proteins are highly concentrated in the rat main olfactory bulb (MOB) and are localized in distinct neuronal populations [2] . The detection of calcium-binding proteins (CaBPs), such as calbindin D-28k (CB), calretinin (CR) or parvalbumin (PV) in the olfactory bulb, has allowed the identification of distinct biochemical subgroups within morphologically identical neuronal populations [3] .
Nevertheless, there have only been a few studies on the development of CB-positive [2, [4] [5] [6] , CR-positive [2, [4] [5] [6] [7] and PV-positive neurons [1, 8, 9] in the olfactory bulb. In particular, studies on mice are limited in number.
In the present study, we examine the developmental changes in the distribution of calbindin, calretinin and parvalbumin in the mouse MOB by using immunohistochemistry techniques.
a water-bath with citrate buffer (pH 6.0) at 92-98 °C for 30 min, treated with 5% normal horse serum in PBS at room temperature for 40 min, and treated with diluted mouse anti-CB monoclonal antibody (MAB) (C9848, 1:1000, V/V; Sigma, Saint Louis, USA), mouse anti-CR (MAB1568, 1:5000, V/V; Chemicon, California, USA) and mouse anti-PV (MAB1572, 1:2000, V/V; Chemicon, California, USA) overnight at room temperature. After rinsing in the PBS, the slides were incubated in biotinylated horse anti-mouse IgG (1:200, V/V; Vector Lab., California, USA) for 3 h and in ABC solution (1:100, V/V; Vector Lab.) for 2 h at room temperature, washed in the PBS, and then treated with diaminobenzidine (DAB) kit (ZLI-9032; Zhongshan Golden Bridge Biotechnology Co., Ltd., Peking, China). After the reactions, they were counterstained, cleared and coverslips were applied. Control experiments were carried out without using the primary antibody, and no staining was observed under these conditions.
The size of the CB-, PV-and CR-immunoreactive (IR) cells and their number per square millimeter (mm 2 ) were estimated by averaging the measurements from three sections of each animal. Because CB-, PV-and CR-IR neurons were mainly located in special layers, the size was calculated only in those layers according to Equation (1):
in which Φ long is the long diameter and Φ short is the short diameter.
The changes in cell size (Cellsize) were statistically analyzed by Student's t-test.
Results
Calbindin, calretinin and parvalbumin antisera appeared to identify distinct populations of cells in the mouse main olfactory bulb. Immunohistochemistry analysis suggested that the expression of calcium-binding proteins varied during development (Figs. 1, 2) .
At P10, some CB-IR profiles were found in the olfactory nerve layer (ONL), and some CB-IR profiles with few processes were located in the glomerular layer (GL). Few CB-IR profiles were found in the external plexiform layer (EPL) and granule cell layer (GCL). We observed one relatively large CB-IR cell in the subependymal layer (SEL). No CB-IR profiles were detected in the mitral cell layer (MCL) or internal plexiform layer (IPL) [ Fig. 1(A,  D,G,H) ]. By P20, CB-IR profiles disappeared in the ONL. Many CB-IR processes appeared in the GL. CB-IR processes similar to that at P10 appeared in the EPL, IPL and MCL. CB-IR granule cells in the GCL were weakly stained. One large CB-IR cell was also found in the SEL [ Fig. 1 Table 1) , while the size of CB-IR cells in the GL at P20 was larger than that at P10 and similar to that at P40 ( Table 2) .
At P10, CR-IR profiles were observed in all layers of the mouse MOB. The whole ONL and the GL were stained. A large number of strongly stained CR-IR cells were present in the GL and GCL. Relatively fewer CR-IR cells were located in the EPL, IPL and SEL. The deeper half of the EPL had a higher density of immunoreactive fibers Table 1 The number of CB-IR, CR-IR and PV-IR cells per square millimeter in postnatal developmental mouse MOB than the superficial half. Most of the mitral cell soma were weakly immunopositive for CR [ Fig. 2(A,E) ].
The distribution of CR-IR profiles at P20 and P40 was similar to that at P10. The mitral cells were stained more strongly in P20 mice than in P10 and P40 mice. The soma of most mitral cells in P40 mice was also weakly stained, as in that of P10 mice. In addition, a notable reduction in the number of cells in the SEL was observed in P20 and P40 mice [ Fig. 2(B,C,F,G) ]. From P10 to P40, the difference in CR-IR cell number was negligible ( Table 1) .
The size of CR-IR cells in the GL, MCL and GCL of P20 mice was larger than that of P10 mice, while being similar to that of P40 mice ( Table 2) . At P10, we observed few PV-IR cells in the ONL and GL, and no PV was detected in the other layers of the mouse MOB [ Fig. 2(D,J) ]. By P20, few PV-IR neurons appeared in the EPL, IPL and GCL, PV-IR cells were still observed in the ONL and few fibers were stained [ Fig. 2  (H) ]. In comparison with that at P20, PV-IR neurons in the EPL increased markedly in intensity at P40. A few large PV-IR cells appeared in the SEL [ Fig. 2(I,K,L) ]. The number of PV-IR cells in the mice increased gradually with age from P10 to P40 (Table 1) , the size of PV-IR cells in the GL of P20 mice was larger than that of P10 mice and similar to that of P40 mice and the size of PV-IR cells in the EPL of P20 mice was similar to that of P40 mice ( Table 2 ).
Discussion
We found few CB-IR fibers in the ONL of the P10 mouse MOB. Similar findings have been reported previously for rats [3, 4, 10] . Some other studies have shown that the ONL is CB-negative [2, 5, [11] [12] [13] . Furthermore, we found some CB-IR cells in the ONL of P10 mice; this finding requires further investigation in order to confirm it. The results of this study and previous studies [2] [3] [4] [5] [6] [11] [12] [13] have shown that CB-IR profiles are mostly found in the GL of juvenile and adult animals. In addition, the CB-IR profiles showed few processes at P10 in our study. Couper Leo et al. [5] and Philpot et al. [2] have reported similar results for rats.
Only a few CB-IR profiles were located in the EPL of developing and adult mice MOB in this study. Our results are in agreement with those of previous reports on rats [2] [3] [4] [5] 11] . Previous studies on rats [2] [3] [4] [5] [11] [12] [13] and this study on mice have shown that there is no CB in the MCL. But CB-IR profiles have been found in the MCL of the musk shrew MOB , which is similar to that of the hedgehog [6] . Investigations have shown that several cytoarchitectural differences exist between the MOB of the hedgehog and that of many other mammals (mouse, rat, rabbit, cat and monkey) [14] [15] [16] . So the difference in CB expression in the MCL between the musk shrew and other mammals (rat, mouse) may be species-dependent. Some previous reports [2] [3] [4] and our study suggest that few CB-IR profiles are found in the IPL. We observed few CB-IR profiles in the GCL of P10, P20 and P40 (adult) mouse MOB, and similar observations have also been made in juvenile [4, 13] and adult rats [3] . Relatively large CB-IR cells were found in the SEL of mice at P10, P20 and P40, and similar findings were made in P10 [5] , P20 [4] , P10 to P60 [2] and adult rats [11] .
Some CR-IR fibers have been observed in the ONL of P10 to P60 rats [2] , adult rats [3, 4, 17, 18] and adult mice [19] . Kimura et al. [7] have reported that the whole ONL is CR-stained in mice ranging in age from P1 to adult. The results obtained by Kimura et al. [7] and from our study suggest that the ONL has a higher level of CR expression in mice than in rats. In addition, Crespo et al. [12] have reported that the ONL is CR-negative in adult rats.
Previous studies on rats [2] [3] [4] [5] 17, 18] and mice [7, 19] , as well as this study, have shown that many CR-IR profiles are located in the GL, EPL, IPL and GCL of both juvenile and adult animals. Our results support these studies and show that mitral cells are CR-immunoreactive in juvenile and adult animals [2] [3] [4] [5] 12, [17] [18] [19] [20] . Couper Leo et al. [5] and Philpot et al. [2] have observed dark mitral cell soma at P20 and faint ones at P10; in addition, mitral cell soma are also faintly CR-stained in adult rats [2, 3, 17, 18] . These findings coincide with those in our study. But Kimura et al. have reported that the MCL is CR-negative in mice [7] and Bastianelli et al. [4] have reported that several large CR-IR cells were found in the SEL of P20 rats. We found CR-IR cells in the SEL of mice, but these cells were not very large. The density of CR-IR cells from P10 to P40 http://www.abbs.info; www.blackwellpublishing.com/abbs did not change significantly, and a similar observation has been made in rats [2] . While no PV has been detected in the ONL of the rat MOB [3, 8, 9, 12, 17, [21] [22] [23] [24] , we found PV-IR profiles in the ONL of juvenile and adult mouse MOB. This finding requires further investigation to confirm it. Previous reports on rats [1] [2] [3] 8, 9, 12, 17, 21, 22] and this study on mice have shown that PV-IR profiles are observed in the GL of both juvenile and adult animals. Furthermore, Kosaka et al. [1, 8, 9] and this study have pointed out that the PV-IR profiles are weakly stained. Our results support the common view that PV-IR profiles are mainly located in in the EPL of MOB in adult animals [1] [2] [3] 8, 9, 12, 17, 21, 23, 24] . The EPL in P10 rats show a few weakly stained PV-IR profiles and more heavily stained ones have been observed in P20 rats [2, 5] . These findings and ours suggest that PV-IR cells increase their PV expression as they mature [1] . Most previous studies [2, 3, 5, 8, 12, 17, [22] [23] [24] and our study have shown that PV-IR profiles are not present in the MCL, although other researchers have found PV-IR profiles in the MCL [9, 21, 22] . Only a few studies [3, 23] , including ours, have found PV-IR profiles in the IPL. Few PV-IR profiles have been found in the GCL of juvenile [9] and adult rats [3, 9, 17, 22] . Similarly, we found few PV-IR profiles in P20 and P40 mice. The few PV-IR profiles observed previously in the SEL of adult rats [17] and in the mice in this study suggest that PV-IR profiles are rare in the SEL.
We found that the sizes of the CB-, CR-and PV-IR cells of P20 mice were larger than those of P10 mice, and similar to those of P40 mice. This suggests that the degree of development of CB-, CR-and PV-IR cells in P20 mice is close to that of adult mice.
The differential expression of the calcium-binding proteins in different subpopulations of neurons suggests that these neurons may have physiological or functional differences [25] , although there appears to be a relationship between calcium-binding proteins and the physiological characteristics of neurons. Recent analyses indicate no causal relationship between them; thus, at present calcium-binding proteins should be regarded only as useful chemical markers whose functional meanings are unknown [26] .
